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(54) Optical demultiplexer 

(57) A detector for demultiplexing 
light signals containing components 
of differing wavelengths |L1, 12), 
comprises a plurality of Schottky 
barrier detectors (26, 28) having 
parallel-grooved surfaces 
successively receiving the light at 
angles of incidence (A1, A2) such 
that components LI are absorbed by 
plasmon resonance at Shottky barrier 
detector 26 and components L2 are 
similarly absorbed at Schottky barrier 
detector 28. 
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SPECIFICATION 
Optical demultiplexer 

5 Field of invention . u ^ ^ 

This invention concerns optical dennultiplexers by which light of one wavelength can be sepa- 
rated from light of another wavelength. 

Background to the invention 

10 In optical fibre communication systems, higher data transmission rates can be achieved by 10 
transmitting light signals at two differing wavelengths along the same optical path. Two pre- 
ferred wavelengths for fibre optic transmission paths are 1.3 um and 1.55 um. 

It is an object of the invention to provide a device by which light of one wavelength can be 
separated from light of the other wavelength. 

15 h is another object of the invention to provide a device which can be adapted to separate any 15 
number of light signals provided they are all of differing wavelengths. 

Summary of tfte invention 
According to the present invention a detector which is capable of demultiplexing n light signals 

20 each having a different wavelength LI, L2 . . Ln comprises a first Schottky barrier detector the 20 
light receptive surface of which is profiled with a plurality of parallel grooves or ridges so that 
surface plasmon resonance will occur if light is incident then and (n— 1) further Schottky barrier 
detectors each having a light receptive surface which is profiled in a similar manner to the first; 
projection means for projecting light containing all n signals onto the light receptive surface of a 

25 first of the detectors at an angle of incidence Al, such that surface plasmon resonance, and 25 
therefore absorption, will occur in respect of any component having a wavelength LI , all other 
components being reflected by the surface, and wherein'a second one of the detectors is 
arranged to receive any light reflected by the first detector surface at an angle of incidence A2 
such that surface plasmon resonance (and therfore absorption) will ocur at the second detector 

30 in respect of any component having a wavelength L2, all other components being reflected by 30 
the surface, and each of the (n-2) remaining detectors is arranged to receive light in its turn 
from a preceeding detector in a manner similar to that in which the said second detector, 

receives light from the first detector at angles of incidence A3, A4 An, such that resonance 

(and therefore absorption) will occur at each said detector in respect of a different one of the 

35 components L3, L4 Ln, and any remaining components will be reflected. 35 

The condition for establishing surface plasmon resonance is related to the groove pitch Ag, the 
light wavelength A, and the angle of incidence 0 by the equation (to first order):- 



40 



1 n 1 Em J 

40 — sin»± — = — 

A, Ag A, Em+1 

where Em is the (complex) dielectric constant of the metal. For typical metals, Em is neariy real, 
negative, and has modules much larger than unity (eg. silver, Emca:-40 in the visible range). Thus 
45 the quantity (Em/Em+1)J Is very close to unity. Generally, therefore:- 45 

1 n 1 

— sinO± — =s — 

A| ^9 A en 

50 . . 

which corresponds to the equation identifying diffraction of light by a grating, when the nth 
diffracted order emerges at an angle of 90* to the normal (ie. skims the surface of the metal). 

In the simple case in which it is derived to separate two components LI and L2 both present 
in an input signal, two detectors are provided, one receptive of the light signal at an angle of 

55 incidence A1 such that any LI component sets up surface plasmon resonance in the first 55 
detector surface and is therefore absorbed and detected, whilst al] other wavelengths (Including 
L2) are refiected, and a second detector positioned relative to the first so as to receive any light 
reflected from the first detector at an angle of incidence A2, such that any component of 
wavelength 12 is absorbed (and therefore detected) by the second detector. 

60 The invention will be described by way of example with reference to the accompanying 60 
drawings in which: 

Figure 1 is an enlarged cross section through a Schottky barrier detector having a profiled 
surface as required by the invention. 
Figure 2 illustrates graphically the variation of reflected energy with wavelength, for a given 
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/. ^ Schottky barrier detector is shown in part as being formed from n-tvoe silicon 

(layer 10). and a thin metal layer 12, forming a receh/ing and i^cting sSe 14 ^ sBteon is 
5 profiled so as to define a plurality of paraltel grooves 16. 18 etc. sefJrated by ridges 20 22 

A light beam 24 Is shown incident on the surface 24 at an anale A If thp iA/a»oien„th «f i,- 
S?deI^^T ^^"^e of wavelengths LA to'li^hen for rj^^lpacfng^' 

and depth of the grooves 16. 18 etc. a response curve of reflected energy against wavetenath 
10 w,II be obtained as .s shown in Fig. 2. Here reflected power R is plotted%aiS wavSnih and 
rt will be seen thatat one particular wavelength. LF. the reflected energy is suStSy z^ro 

r ^theT^rh^^i^et^^^^ -^""-^ ^-^""^5^^ ^-n^ 

.J"i !. ''™!u"* '"mention, this fact is utilised to advantage in that the angle of incidence A1 is 
selected so that resonance (and therefore absorption) oc^ts at wavelengrh LI a! detSor 26 
Z'lL^Z'^r?"'^.^ components to pass to detector 28. This is an^ed relative ^ ^6 so 

The electrical output from detector 36 will thus be proportional to the LI wavelenath 
nent^and that from 28 will be proportional to the L2 Lv^length com?oVem.TSrPnttX^^ 

25 CLAIMS 

1. According to the present invention a detector whidv is capable of demultiolexina n liahr 
signals each having a different wavelength LI L2 Ln comnrisps % fi.^t q^k 2 - ^ 
detector the light receptive surface of which i^ profiled v^hJ a K^y of JaSttoveT or 

second detector in respect of any component haveing a wavelength L2 aS othS comnonlil! 

components L3 L4^ Ln and any remaining components will be reflected. 
2. A detector capable of demultiplexing n light signals each having a different wavelenoth LI 

the sjrfac, sivi vrt»rSn^»^„iT*r2^ . • " ""^ MmponenB being reflected by 

each eea ...eco, to r^spi, .Va'^ji^m ot^^Te'S^^Lt'u''^^^ °^ " 

reitiammg componente will be reflected ccrnponents L3, U .... Ln. acid any 

s^rJ^lSlSV^ 2?ieriJg waUrgtt'"^ '^"^ 

comp4?rnt;r/2o; lubTlJarhalfiVoifJ' T"" T"" '^'^^"^V ba.ier detector 
thickness deposK^'d on the prS^uSe"^ t^X"^^^^ ^ '^^^^ °^ 

65 5. A detector according to any of claims 1 to 4. wherein each Schonky barrier detector is 
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profiled with a smoothly undulating surface forming a series of alternating parallel grooves and 

ridges. ...... 

6. A detector according to any of claims 1 to 5, Including means for measunng the electncal 
output of each of the Schotticy barrier detectors. 
5 7. A detector capable of demultiplexing n light signals respectively having differing wave- 
lengths LI, 12 . . . , Ln substantially as hereinbefore described with reference to the accompany- 
ing drawings. 

Primed for Her Majesty's Stationery Office by Burgess & Son (Abh^^ ^ ^ „ 

Published at The Patent Office. 25 Southampton Buildngs, London. WC2A 1 AY, from which copies may be obtained. 



BEST AVAILABLE COPV 



THIS PAGE BUNK (uspto) 



